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A CURRENT “REDICTION OF THEICF GAIN CURVE,
ITS UNCERTAINTIES,
AND IMPLICATIONS FOR ICF STRATEGY

ABSTRACT

TV(Ipmscnt our gain predictions for inclircct-drive ICF targets, l)i~~(~(lon
cmrrcnt. target physics knowledge. In ordl’r to ull(l(’~stil]l(l tllc ~ln~(*rtitill-
tics involved in predicting the performance of future ICF titrg(’ts, we
llav(~ c(mstructcd 11simple xnmlel t l~at contnins a ft~w lmsi(. f(~iitll~(~sof
tilrgCt operation and cstinmtcs t11Ppossible cfft’cts of ot lwr Collll)lex til~-

g(’t Immwes via simple l)ar,w]lctriz:ltiolls. We evaluate tlw scaiiugs iUl(l
unccrt nint ies in thc model paranmt crs using current data, (let nilcd ~i~l~ll-
lationsl and mtimat (:s of some of t11(’undcd y ing ti!rgd p] lysics proc(ws(’sm
WV prmcnt hfontc-Carlo cnlclllati(ms with this mo(lcl slmwing the pro )-

1qytti(m of the estimated unccrtaintim to the “l~cnr-igllitioll’” :md ‘{]lig ]-
gnill” regimes. Wc mtimatc the probability of success asi a function of
r(~quirrd trqct gnin MI(1awailald(’ driver energy, nnd illustm.tc using sonm
current facility-planning scenarios. Wc discuss the role of potential future
cxpm-imcnts in constraining cllrr(’lltly--~xlccrttixl thcorcticwl models.

W(9have dmwlopcd a ncw method for ,mxlicting the ICF gain curve, I.mscd
up(m the currrnt (’xpcri]mmta] and calcultitiomd tnrgct Idlysics dtitnbnsc.
Wr c(mstmctcd a targ(tt -gain modrl frn .wwork that pnrnln(?t rims the (d-h-
cicncy or gain scaling of tlw k(’y tnrg(’t physics proccsscs for imlir(’ct-drivr
t;u-g(*ts. We then annlyz(~(l the rllrnvlt ICF tnrgrt pllysirs (Intnlmw to (~s-
tillmt(’ scrdings and unc(’rtainti(’s for CNCII(Micicncy nn(l gnin in tiw nmdrl.
IV(* illclll[l(} information gl(vuw(l from (Iata points, (’xtrn]xdnti(ms of (Inta
I)oil]ts, ol)tinliz(*(l L,~SNE.S (I(wign cnlcul~tiolls, LASFJEX calmhtions
Ilsing (1(’v(’lol)xllcl]t:~l mo(l(’]s, ;ul(l, w’llme mwmsary, th(wrrticn] (wtinmtwi
iul(l t(’ClllliCill judg(wmlt, TIM I]wtlm(lology” lllilk(~s olwi{)~ls tll(- nr(ws of
llliSSill~ Cx])f’rilll(’lltd il]fo~i]l;lt.h)l], illl;~(wtnllt ]J)ysi(.s (xm)l)l(’xitirs, :Ill(i
tlw Iilrg(%t target (l(*sigl) ill(’fli(”i(’ll(”i(’s 1111(IIlllr(’rt:lillti(’s. TIN r(’slllt, is n
(Iuw]]tittitiv(’, pr(dmlmlistic ~ilill mlrvf’, I)il.!!(’(1 011 ctwrcllt Iill(nvh’(lg(’, tl]ltt
(.nll I)(I lisc(! to (*vnl~lntr ;uI(I ])liil] ICF futility strnt(”gi(’s,



The capsule gain model describes three rcgimm of ICF capsule operation
(Fig. 2): prc-ignition, bootstrapping, and high-gain. Kcy .aspccts of ICF
capsule design /physics include details of zero-order hyrlrm-1ynamics (such
as coupling of the radition drive to the ablntor, al ~lation rate and pres-
sure, and density gradient ), precise drive pulse shaping to cstaMisll the
required hot -spot and low+nt ropy main fuel, the raditil convmgrnccs of
the hot-spot and main furl, tolerance to drive asymmctriwi, aml dir illitiil-
tion, growth, and effects of fluid instabilities, t.~lrlmlcnce, nnd lnix. These
processes are taken into account, at the current state-of-the-art, with de-
tailed LASNE.X1 nmdcling. The capsule gain nmd(~l’s six adjustable pa-
r~eters ~d their ~m~~rtainties i.rc Sd ~lsin~ c(>l~strfiil~t.s~~ilal)h’ fronl
L-4SNEX calculatims illl(l (Iiltll from C(’lltllrioxl/II;llit(” iill(l NOVii c;ll)slll(’
tests. The Ccl~t[lrioll/Hi\litc* l~rogriull nils ])(’rfu~ll](:(l IC’F cx]wriuwl~ts IIS

ing nuclear explosives at the Nevada Test Site. The hTova lamr at LLNL
has extensively tested ICF mdirect-drive t,argets at drive cnergirs UIJto
about 20 kJ with simple pulse shapm,2 and hilS r(wnt.]y begun to pcrforx!l
experiments at highrr t{argct. cncrgics rml wit 11m(m’ so]dl”isticiltcd lmlsr
slmpes.3 To date, hlova caps~lles implo(l(xl iit lliglwr convmgcncc rnt i(M
haw bCCXlsignificMlt ly (kgradccl, coll~lli~~~d \vit 11 1-II ~iilc{di~tiol~s, ]wr-
haps by effects of =ymctric drive and pusher/fuel mixing. This fact nnd
the uncertainty associated with extrapolating from cllrrcntly-tested cap- .
sule conditions to those of n cgajoulc-scrk HST’S c(mtrilmt,c signific; .r,tly
to the current unccrtaintly il the capsulr giiill curvr.

The hohlrnmn coupling dflciclwy is sui)~livi(lc(l for nmdc]illg rf~]lvcnirncr
i]lto five sprcitic collplillg Imxxwsrs: (Iwcful) in.scr light alxww])ti(m, dh-ts
of Ln...cr-Plamm Instd~ili tics ( LPI’s), c(]livmsi(m of lnwr light to x-rnys,
x-ray losses, and coupling of symmetric drive to the cnpsulc. Thr {nwrail
hohlrrmnl cmlpling dficic*.cy is the prmllwt of indivi(llml eficicncim dr-
tmvninwl for each cou]ding process. E/wl) ]m}crss c!firi~wcy ix (}~d~iilt{md

from the curreilt dntabruw of LASNEX culcultitimu+, thcorcticrd cnlcuh~-
tions and estimates, and laser cxpcrilnrnts. Most of tlw rfficicncim nrr
Imralnctrizrd to scnlc Iognrithmicnlly }vith t~rgct (lri’.~r rlwrgy. TIw (NNS
rxccptiml is’ that tllr dirts f}f liLWr-])liL$lllil illst.ill)ilitirs nxc r(*l~r(wvlte(l
l~y nll cfficirm.y tllilt scnlrs witl~ n tlm’sll(jl(l 1)1’l]ilvit)riLs }1 fllllrtioll of {Iriv(’
energy. W{’ cousi(lm l)lwsllln procwws tllilt nrr griwi]qq cmlvrct.ivrly, i.e.,
t]l[d grow (~Xpt)ll~llti[lll~ ~%th~ ( Il(MIll[diZ(’(1 ) Ihlllli SC/”Lhlh Ul#.ll illCI’(’US(%.

Wr n.w+mm’ tlw ]dn.sllm six{’ Kllfl scnh’h’llgtll vnry witil lnw~r wl(Irgy nll.1



dl-icicncies (XCE) using gold disks and spheres are in the range of 50-
90%. Two import (ant data trends arc pwticularly relevant: a gcn(’~id

scaling toward higher XCE with lower IA* and a significant improvcnmnt
in conversion with improved illumination uniformity. Calculated scaling
with plasma scalelength (hence, drive energy) is quite weak. s Less well-
lmown, experimentally, are the scalings with pulse duration and shape.

Once the mock] parameters and uncertainties l~i~~c kcn set, based on
the available target physics database, a Monte CarlG calculation allows
evaluation of overull target gain probabilities. The result, Fig. 3, is a
prediction for target gain US. laser drive energy, I.mscd on our analysis
of current target physirs knowlcdgr. The m-mtmu-s S11OWII arc Inhcllcxl Ijy
thir associated I)r(ll);ll)ilit.i{’s, i.e., thr prolml}iiity of Cxr.cmling the plot tml
gain. As a benchmark, wc show the data po]nt clcrivcd from scvcrid
tests of a part iculm gas-fueled (non-HST ) Nova target design, together
with its cxpcrimruta] Il”imrt.aint.y (Shadrd Lox) an(l the mtimatcd totid
uncertainty incl[l(ling tilr extrapolation to I{ST conditions (hittcll~(l bar).

Using this modrl, wr cnn estimate tllc cffrcts of fllt.urc exprrimcnts 011tlw
shape and uncertainty of the ICF gain curve. Fi~ 4 SI1OWStllc currt~nt

f
ain curve prediction, tcgcthcr with the gai~l curves that would result
rom successful experiments demonstrating HST’s usin 100 kJ or 1 MJ

\hscr facilities. For these calculations, “success” was dc ncd M vcri{ying
targct pcrform,amcc at the +1-u h=vcl of thc currrnt prmliction,

Our gain-curve prmlictiml tallows qurmt itnt iv(” nnswcrs to facility-planning
hylmthmcs, lNwml on rurrcllt tnrgrt p]lysics lmowlmlgc. For cxmnldr,
tiwrc is high (90%) confklcncc o! nchirving (n~rr 100 MJ yirld using au
appropriah’ 60 hl,J li~st’r drivm , il strong ill(licntion of tllc scientific fra-
sihility of ICF. Prf’.isi(m ill(lix{~(.t-(lrii’t~ICF r?! m-ilncnts at 100 k,J and
1 hfJ cold(l ~l]l~s~tultiidl~ rrdum t.lw levels ot Imvlictivc uncm-tnintics.
Illrt, iwr, wv fill(l that slwrrssful 11ST cx])(lrillwllts nt 1 M,J l,wwr energy
could rrdlwv tlw prmlictr.1 rmllllrtxl (Irivm rlwrgy to 10 Mj or !wh)w.
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Scaled T=rgets has large ~ncer~ainties that
result from remaining target physics issues.
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Figure 4. Experiments with Hydrodynamically-Scaled Targets will reduce gain-.

c~rve uncertainties, and ‘mayredefine its shape and location.
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